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Abstract 
 A pseudo-character recognition task was conducted to investigate the influence of positional 
consistency of radicals on reading Chinese characters across grades. Pseudo-characters were 
constructed horizontally in four conditions: HH, high radical’s positional consistency on both left 
and right; HL, high radical’s positional consistency on left but low on right; LH, low radical’s 
positional consistency on left but high on right; and LL, low radical’s positional consistency on 
both left and right. The results showed different performance towards different conditions 
suggesting the importance of positional information in sub-lexical processing of Chinese 
characters. In addition, a superior performance in recognizing LL characters by the first and third 
graders suggested an immature ability in recognizing radicals as a free agent while a superior 
performance in recognizing LL characters by the fifth graders revealed the maturation of this 
ability and the development of new skill in lexical-processing. When radicals were successfully 
recognized as a free agent that could be traveled freely within a character, high positional 
consistency facilitated reading while low positional consistency inhibited. 
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Chinese characters have long been investigated with the underlying processing system owing 
to its nonalphabetic nature. According to McBride-Chang, Shu, Wat, Wagner and Zhou (2003), 
there are approximately 7000 simplified Chinese characters for everyday use. It would be 
impossible for ones to remember all 7000 characters by rote memory. Accordingly, it is unlikely 
that children to learn to read based on rote memory. If that is the case, learning to read would be a 
time consuming process and a linear relationship would be sought from grade to grade. That is, 
one would expect the first graders learn to read as good as the sixth graders. 
 In response to this issue, there are growing numbers of evidence suggesting that Chinese 
characters have internal structure which could be decomposed to different level for sub-lexical 
processing as in alphabetic writing system (Peng, Taft & Zhu, 1999; Ding, Peng & Taft, 2004; 
Perfetti, Liu & Tan, 2005). One of the well-known frameworks was suggested by Taft (2004), a 
hierarchical interactive activation model for conceptualizing the lexical processing of Chinese 
words. According to this model, stroke level is first activated when a printed word is seen. Then, 
the radical level is activated by the activated stroke level and in turn activates the character level 
and finally to the word level. In this sense, children learn to read by recognizing strokes and 
radicals. Therefore, it makes sense that children can learn to read by extracting radicals from a 
compound character.  
 There are approximately 80% to 90% of Chinese characters are compound characters 
(Anderson, Chen, Shu, Wu & Xuan, 2003). Radical was defined as pianbang (偏旁) which 
contribute the left, right, up, bottom, inner and outer parts of a compound character (Fu, 1991). 
Radicals can be differently configured in a compound character such as vertically (呆 ), 
horizontally (叮)or bounded (回) configured. Each component radicals in a character should have 
its own positional code or otherwise, the processing time for characters with radicals having 
Positional Consistency of Radicals   4 
Student number 2002362517 
transposability would be delayed. That is, the activation of the printed character (呆) may be 
confused by the mental representation of (杏) as both characters shared the same radicals but of 
different positions only (Peng, Taft & Zhu, 1999). As a result, presentation to the radicals (口) and 
(木) would trigger the activation of both (呆) and (杏) and thus confusion will occur. In recent 
years, there have been studies on the role of radical’s positional features in the sub-lexical 
processing system (e.g. Shu, Chen, Anderson, Wu & Xuan, 2003; McBride-Chane, Shu, Wat, 
Wagner & Zhou, 2003; Taft & Zhu, 1997; Peng, Taft & Zhu, 1999; Ding, Peng & Taft, 2004; 
Wang, Perfetti & Liu, 2003) to supplement information to the system, whether radical appears to 
be a sub-lexical unit in the processing of Chinese characters and how does it receive activation. 
The most direct result came from Taft and colleagues (Taft & Zhu, 1997; Peng, Taft & Zhu, 1999; 
Ding, Peng & Taft, 2004). Taft and Zhu (1997) first investigated the role of sub-morphemic 
information in Chinese character recognition by manipulating the component radical’s frequency 
of horizontally structured characters and controlling the character frequency and complexity 
through considering the response time in a character decision task. They divided their stimuli into 
four conditions: high radical frequency on both left and right (HH), high radical frequency on the 
left but low on the right (HL), low radical frequency on the left but high on the right (LH) and low 
radical frequency on both left and right (LL). Their result revealed sensitivity to radical frequency 
and suggested that radicals were decomposed from characters as a sub-lexical processing unit. 
Their result pattern further revealed a more important role posed on the second (right) radical 
based on the proposal of left to right scanning evidenced by the left to right and top to bottom 
writing system of the Chinese characters such that decision of whether the presented stimuli was a 
real character was highly dependent on the activation time of the right radical. Since only total 
radical frequency was controlled but positional information was not taken into consideration in 
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their first experiment, they further investigated the impact on the processing of Chinese characters 
when positional information was manipulated. Owing to the result of their first experiment, only 
right radical was manipulated in their second study. Same task was administered using 4 
conditions: high position frequency (radical frequency on the right) and low positional frequency 
while total radical frequency was matched, high total radical frequency and low total radical 
frequency while position frequency was matched. Their result revealed a significant difference 
between high position and low position group suggesting the importance of positional information 
in sub-lexical processing at the radical level. Since the stimuli used in their experiments were 
composed by two radicals (radical was defined as bujian (部件) in their study), they then further 
investigated the pattern on compound characters composed by two radicals configured vertically 
on the right. Again, same task was administered and result rejected the right component radicals as 
a processing unit but was further decomposed into their top and bottom component radicals to 
affect the processing of Chinese characters.  
Peng, Taft and Zhu (1999) further investigated if radicals had positional specificity by 
studying the transposition effect of horizontally configured Chinese characters. Two-radical 
Chinese characters were used in their study. Transposition effect was studied by comparing the 
performance of adult’s lexical decision and naming response to characters in transposed or 
non-transposed form. No transposition effect was found which indicated that adult was able to 
apply positional features of radicals to reduce confusion. Further investigation using 
non-characters revealed same result. However, radical-transposition effect was found when 
four-radical character was used in the experiment. Moreover, interference was found when 
transposition effect was investigated in two-character words. These findings lead to the conclusion 
that processing in radicals level was positional specific but confusion may be found in four-radical 
characters. However, positional information in word level was not as important as radical level.  
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Another study by Ding, Peng and Taft (2004) further investigated the effect of a short 
pre-exposure of a prime, which was a radical or contained radicals identical to the target, on 
reading a target character with the radical’s position and radical’s frequency manipulated via a 
priming task. Participants (adult native speakers) were required to read aloud the target as fast as 
possible and response time was analyzed. Result revealed a facilitative effect for low frequency 
target when the prime and the target shared the same radical in same positions but an inhibitory 
effect for targets shared different positions. This indicated that processing of Chinese characters 
was sensitive to positional information which agreed with their previous study. In addition to this 
finding, the results showed that processing of Chinese characters were facilitated by the 
pre-stimulation through the presentation of radicals in the same position but not for a different 
position.  
 Regarding the three studies mentioned above concerning the lexical processing of Chinese 
characters that had long been argued of the underlying processing system, the studies by Taft and 
colleagues (1997; 1999 & 2004) tended to support a sub-lexical processing system of which 
readers were sensitive to radicals. Their further investigation gave hints to the sub-unit of position 
information at the radical level. Based on their studies, there are several questions that should be 
asked. First, since all of the participants were adults who had already completed their development 
of lexical processing skill, when does the ability to decompose radicals from characters develop if 
the sub-lexical processing system holds? Second, sub-unit of positional information was suggested 
to be involved in the processing of Chinese characters at the radical level, how was positional 
information defined? In Taft and colleagues’ studies (1997 & 1999), positional information was 
defined in terms of frequency value. In fact, frequency value can be computed in terms of token 
value and type value. The computation using different values have different theoretical impact. 
Type referred to the number of position that a particular radical may appear. For example, 口 can 
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be positioned on the top as in 呆; at the bottom as in 杏; on the left as in 吠; on the right as in 扣; 
and bound or is bounded as in 回. Therefore, there are altogether six types of the radical 口. On 
the other hand, token referred to the frequency of a radical appears in a particular position relative 
to its total radical frequency. For example, 口 occurred 2 times as radicals on the left side with 
the total radical frequency of 697 in the first grades according to the Hong Kong Corpus of 
Primary School Chinese (Leung & Lee, 2002), the radical positional consistency of 口 on the left 
was then equivalent to 2/697 = 0.00287, while it appears 639 times on the right side and yielded a 
positional consistency of 0.917 (639/697). Comparing the consistency of 口 on the left and on the 
right, it is more positional consistent on the right than on the left. As a result, token frequency and 
type frequency affect the processing system in different ways. Token frequency reflected the ease 
of processing in terms of number of exposure on a particular position so the more times it appears 
in a particular position, the more consistent it is and the faster the processing should be. Type 
frequency reflected the possible family position. That is, the more position it appears in, the 
greater the competition would be and thus inhibit the processing. Taft and colleages (1997) tried to 
define positional information in terms of type frequency. However, token frequency is also 
important to study the importance of number of occurrence of a radical at a particular position 
since it is uncertain whether the sub-lexical processing of Chinese characters is sensitive to type 
value or token value if the positional specificity holds. Therefore, it is important to explore also 
positional specificity account in terms of token frequency value to serve a comparison before 
making a conclusion that positional specificity, if any, was sensitive to type frequency value. 
Moreover, only frequency value of a radical was manipulated in their study, positional consistency, 
was not considered. Positional consistency would be a more informative classification of 
positional information as mentioned in its definition previously since it takes a form of ratio with 
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the number of occurrence relative to its total radical frequency. Therefore, the consistency value 
would be a better reflection on the positional information and the mechanism of how it affects the 
processing system.  
In order to answer the question of when does the ability of decomposition of radicals from a 
seen character develop, children who are still under the stage of development were recruited. The 
present study based on the assumption of what Taft and colleagues (1997, 1999 & 2004) suggested: 
reading of Chinese characters was operated by the sub-lexical processing system and radical 
appeared as a sub-morphemic processing unit which is positional specific. Then, individuals 
should possess the ability to recognize radicals as a free agent so they can be sensitive to positional 
information and how a radical is positional coded should be analyzed. When radical can be 
successfully recognized as a free agent, the effect posed by positional information can be explored. 
Positional information should be manipulated in terms of consistency value, that is, how consistent 
a radical is in a particular position relative to its total radical frequency. No matter how 
consistency is computed by using the type or token value, each radical has its own positional 
consistency value on different positions. Since approximately 70% of Chinese compound 
characters are horizontally configured, (Li & Yeh, 2002), horizontal structured characters were the 
focus in the present study. On top of what have been done by Taft and Colleges (Peng, Taft & Zhu, 
1999; Ding, Peng & Taft, 2004), the present study serves the purpose to confirm the positional 
coding in the processing of Chinese characters as well as supplement information about the 
relation between positional consistency of radicals and sub-lexical processing proficiency.  
 When a radical is recognized to occur freely in different position, the activation to the radicals 
is likely to trigger a number of characters with that radicals appeared in different position. For 
example, the presentation to the character 烄 require the ability to recognize 火 and 交 as free 
agents and the left radical 火 may trigger the left positioned family as in the target, the right 
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poisoned family 伙 and the bottom positioned 災. The right radical 交 may trigger the left 
positioned family as in 郊 and the right poisoned family as in the target. In this case, the left 
radical receives two competitors and the right radical receives one competitor. According to the 
activation based model (Grainger & Jacobs, 1996), inhibition would be resulted from the 
competition at the same level. The inhibition posed on the left radical is then greater than the right 
radical for the above case. In other words, the more positional consistent a radical is, the less 
inhibition it will be encountered and thus a more efficient processing. From this point of view, 
characters should be divided into high positional consistency group as well as a low positional 
consistency group.  
Regarding the present study, Owing to time constraint, the positional consistency of radicals in this 
study was computed based on token value. In order to investigate the pattern of how positional 
consistency of radical affect the Chinese characters processing system at the radical level, as well 
as the exploration of possible reading strategy (left to right scanning as reported by Taft and Zhu 
(1997), characters are further divided into four groups as denoted in Table 1. HH represents 
pseudo-characters composed by high positional consistency’s radical positioned on the left and 
high positional consistency’s radical positioned on the right. Similarly, HL represents 
pseudo-characters were constructed by using high positional consistency’s radical on the left but 
low positional consistency’s radical on the right. LH represents the use of a low positional 
consistency’s radical on the left but a high one on the right. LL represents the use of low positional 
consistency’s radical on both left and right sides. The use of LH and HL conditions served the 
purpose to compare if there were performance difference between these two groups. If a left-right 
or right-left scanning skill was adopted by the readers, the performance would be different 
between these two conditions. The HH and LL conditions would be affected as well. However, 
information solely dependent on the HH and LL conditions was not enough to tell the possible 
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reading strategy since both sides of a character weight similar consistency, or in other words, faced 
similar competition. If there were no such reading strategy adopted, the performance would be the 
same in these two conditions.  
The hypothesis of the present study is that radicals of Chinese characters are positional coded. 
If a character has its component radicals more positional consistent, one will be able to read more 
accurately and faster. This is because radicals consistently coded in a particular position may have 
a lower resting threshold owing to less competition faced such that recognition may have lower 
error rate and shorter latencies. On the contrary, radicals which were not consistently coded in a 
particular position may have a higher resting threshold and inhibition effect may be sought from 
the activation of numerous positions, recognition may take more time and a higher error rate may 
be resulted. In short, recognition of characters in HH condition is expected to have a lower error 
rate than LL condition. For characters in HL and LH conditions, the recognition of characters in 
HL condition is expected to show similar performance pattern to the recognition of characters in 
LL condition and the characters in LH condition is expected to show similar performance pattern 
to characters in HH condition if the left-right scanning strategy is adopted by readers as in what 
suggested by Taft and Zhu (1997).  
Table 1 Characters with Possible Combinations of Radical’s Positional Consistency 
 Component left/right radicals  
Positional consistency HH HL LH LL 
 
Since another aspect of the current study is of the developmental pattern. Participants will be 
primary students rather than adults, who have already acquired the Chinese reading abilities. 
Studying the reading abilities of developing students offers explicit information on how a reader 
acquires the basic reading skills or specifically, when does the knowledge of radical appears as 
free agent developed? When does positional coding appear in the developmental stage, if any? 
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And how the processing of Chinese characters is affected by positional consistency of radicals 
across grades? Is the pattern different or similar? Result can then be compared with the previous 
studies (Peng, Taft & Zhu, 1999; Ding, Peng & Taft, 2004) which had adults as participants. 
Similar study was done by Wang, Perfetti and Liu (2003) who investigated how alphabetic readers 
learn to read Chinese characters using a character decision task. It was worth-noting that they 
rejected non-characters containing legal radicals contained in illegal position significantly faster 
than those containing legal radical in legal positions. This gives clue to the possibility that the 
ability to recognize radicals as a free agent and radical positional code develop in the beginning 
learners, which may be applicable to native children. Apart from the indirect study come from 
Wang, Perfetti and Liu (2003), Anderson, Chen, Li and Shu (in press) have investigated the 
development of reading system from preschoolers to secondary students and proposed a different 
stages of reading skill from visual to phonetic to orthographic. They found that children as young 
as the third graders were able to use radical information to processing. However, positional 
information of radicals was not reported in their study. Therefore, the current study will serve the 
purpose to answer the above raised questions: when does positional code of radicals developed; 
and how does positional consistency of radicals affect the recognition of Chinese characters? 
Method 
Participants  
 Participants were selected on random basis from a local primary school. There were a total of 
90 children participated in this study of whom 30 were first graders (17 boys and 13 girls); 30 
were third graders (16 boys and 14 girls); and 30 were fifth graders (12 boys and 18 girls).  
 Screening tests were administered to ensure the participants were representative the screening 
is to screen out abnormal kids.. Screening tests include the Raven’s Standard Progressive Matrices 
(Raven, 1986) to ensure all the participants had normal intelligence; the Standardized Graded 
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Character Naming Test for School-aged Children in Hong Kong (Leung, Chang & Kwan, 2002) to 
ensure normal reading ability. As pseudo-characters recognition task were used in this study, 
further screening tests, the Test of Visual-spatial Skills and the Test of Visual-memory Skills 
(Gardner, 1996), were administered to ensure the results were not affected by spatial and memory 
deficiency respectively.  
 All of the participants obtained a standard score of 85 (-1 SD) or above in the Raven’s 
Progress Matrices (Raven, 1986); a raw score of 47 to 123 (-1.50 to +1.50 z-score) in the 
Standardized Graded Character Naming Test for School-aged Children in Hong Kong (Leung, 
Chang & Kwan, 2002); and a standard score of 85 or above (-1 SD) or above in the Test for 
Visual-Spatial Skills and the Test for Visual-Memory Skills. All of them were native Cantonese 
Speakers and had normal or corrected-to-normal vision. Results were summarized in Table 1.  
Table 2 Results of Screening Tests of the Participants 
Grade Number of 
participants 
Age range Raven’s 
Progressive 
Matrices 
Mean Standard 
Score (SD) 
Character 
Naming 
Test 
Mean 
Z-score 
(SD) 
Test for 
Visual-Spatial 
Skills 
Mean Standard 
Score (SD) 
Test for 
Visual-Memory 
Skills 
Mean Standard 
Score (SD) 
1 30 6;04-7;10 100.63 (11.95) 0.017 (1.11) 125.3 (13.16) 111.17 (13.68) 
3 30 8;04-9;06 106.87 (11.34) 0.65 (1.87) 113.35 (8.36) 107.97 (12.25) 
5 30 10;05-11;06 104.11 (11.89) 0.15 (0.81) 115.37 (14.32) 109.23 (12.91) 
 
Materials  
 Chinese phonetic compound pseudo-characters constructed through using traditional Chinese 
script were used in this study. The factors of grades and radicals’ positional consistency were 
manipulated. Positional consistency of radicals was calculated based on its token frequency; the 
frequency of a radical appears in a particular position relative to its total radical frequency. For 
example, the radical 木 could appear on the left (杯), on the right (休), on top of (杏), at the 
bottom of (呆), and bounded in (困) a character. Therefore, the positional consistency of the 
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radical was calculated by dividing the radical frequency appeared on the left by its total radical 
frequency (木) according to the Hong Kong Corpus of Primary School Chinese (Leung & Lee, 
2002). Participants recruited form three grades (first, third and fifth graders) participate in the 
study. Pseudo-characters were horizontally configured. Only radicals of low frequency from the 
Hong Kong Corpus of Primary School Chinese (Leung & Lee, 2002) were used. Radicals were 
sorted in ascending order of frequency of occurrence and the lowest portion which fell into the 
control criteria were classified as having low frequency. In this study, all radicals chosen were 
transposable. There were totally four groups of pseudo-characters: HH, HL, LH, LL. All the 
chosen radicals had their positional consistency calculated. Since radicals which had 
transposability as well as passed the control criteria were limited, radicals with positional 
consistency lower than 0.4 were said to have low radical’s positional consistency while the 
radicals with positional consistency higher than 0.6 were said to have high positional consistency. 
There were five pseudo-characters constructed based on this high low consistency classification 
for each group of character across three grades. As a result, there were 20 target pseudo-characters 
constructed in each grade and a total of 60 stimulus pseudo-characters were constructed in this 
study. Each radical in each grade were only permitted to repeat no more than two times. Examples 
of stimuli in each group of each grade were presented in Table 3.  
Table 3 Examples of Stimuli in Each Grade  
Grades Positional consistency of radicals 
HH HL LH LL 
1   
3  
5  
 
Table 4 Positional Consistency and Controls of Stimuli in Each Grade 
Grade 1 HH HL LH LL 
Positional consistency 0.7575 / 0.8870 0.8494 / 0.2246 0.1937 / 0.8870 0.2092 / 0.2206
Stroke no. 16 16 13.8 14.8 
Syllable frequency 25.8 28.8 43.6 31.2 
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Radical frequency 98.9 180.8 141.4 129.8
Grade 3 HH HL LH LL 
Positional consistency 0.8391 / 0.8304 0.8470 / 0.2127 0.1842 / 0.7903 0.2210 / 0.2048
Stroke no. 16.8 17.8 17.4 19 
Syllable frequency 70.2 92.2 103 125 
Radical frequency 125.6 112 185.6 172.8 
Grade 5 HH HL LH LL 
Positional consistency 0.8207 / 0.7777 0.8207 / 0.2841 0.1845 / 0.7777 0.1845 / 0.2841
Stroke no. 18.2 17.2 17.4 16.4 
Syllable frequency 121.4 193.6 198.8 126.6 
Radical frequency 374.4 245 388.2 258.8 
 
Apart from the factors being manipulated, stroke number; syllable frequency; and frequency 
of radicals were controlled with figures shown in Table 4. Stroke number of radicals was 
controlled to avoid any effect by the ease of memorization. Syllable frequency was controlled to 
balance the effect produced by the possible strategy to ease memorization by remembering the 
sound of the radicals. Last but not lease, frequency of radicals was controlled to avoid the 
influenced produced by familiarity to the radicals. According to Zhou & Marslen-Wilson (1999b), 
high frequency radicals or characters tended to give ceiling effect owing to the high familiarity to 
the stimuli Therefore, only low frequency radicals were used in this study. Therefore, frequency of 
radicals was sorted in ascending order so that the lowest portion fell into the control criteria was 
used as low frequency radicals.  
 Stimuli were presented in computer in a 3x3 table with one of the nine pseudo-characters 
being the target and the other eight pseudo-characters being the distracters. Distracters were 
divided into four types. The first type was the transposed from the original target. The second and 
the third types used a transposed/non-transposed visual distracter created by adding/reducing one 
to two strokes from the original radicals. The last type used a transposed/non-transposed visual 
distracter created by changing both radicals from target by using visual alike radicals. For example, 
the target  had eight visual distracters: transposed form from the target , , 
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transposed/non-transposed form from adding or deleting one to two strokes from the one of the 
original radical ( , , , ), transposed/non-transposed form from adding or deleting 
strokes from both of the original radicals ( , ), and an irrelevant visual distracter ( ). In 
order to get the participants familiar with the task and reduce frustration, fillers of either simple 
characters or non-characters were used. Details and examples were given in appendix A.  
 Owing to the possibility of individual differences and practice effect, the order of stimuli 
from the four groups shown in Table 2 was assigned randomly and a block randomization was 
done to divide the stimuli into four blocks (Shaughnessy & Zechmeister, 1994). As a result, there 
were totally four versions of stimuli presentation sequence for each grade.  
Procedures 
Pseudo-characters recognition task was administered in the form of computer test. Stimuli 
were projected through a computer onto a screen. Out of the 30 participants from each grade, 7-8 
of them were assigned randomly to one of the four versions of stimuli sequence. Participants were 
assigned to sit horizontally in the first row to ensure everyone had a good view of the screen. Each 
time, an icon was used to draw the participants’ attention right before the presentation of the target. 
After the presentation of that icon for one second, the target, a pseudo-character (45x45cm), will 
be presented for one second. One second was given before the presentation of the participant to 
choose among the provision of the 3x3 table with 9 choices for target recognition. Then, time was 
given to the participants for selection until all of them had finished. Participants’ task was to put a 
tick in the corresponding slot presented in the form of 3x3 tables in their answer book. There were 
totally 39 trials consisted of 20 targets, 2 practice trials, 1 checking trial and 16 fillers. 
One chief experimenter and one assistant experimenter were responsible for the 
administration of the test. Standard instruction was given by the chief tester and two trials were 
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gone through as practice trials to familiarize the participants with the format of the task. After 
practice trials, one pre-test trial was done to check if all of the participants were able to understand 
the task and specific follow up was given to whom with difficulty. All classes were able to finish 
the test within 40 minutes (30-40 minutes).  
 There were 25 grade one participants passed all the screening tests in the first round of 
screening. In order to balance the number of participants in each grade, ten more grade one 
students were participated in the present study within one month. Among the ten participants, 5 
who passed all the screening tests were chosen randomly to make a total of 30 grade 1 participants.   
Measurement 
 One mark is given to each correct answer. No mark was given to wrong answers. The total 
score of each group of stimuli is presented in Table 4.  
Data Analysis 
 A 3 (grades) x 4 (radical’s positional consistency) two-way Analysis of Variance (ANOVA) 
with repeated measure was carried out separately for each grades owing to the use of different 
stimuli based on the exposures of students to radicals in different grades. Grade (3 levels) was the 
between-subject variable while radical’s positional consistency (4 levels) was the within-subject 
variable.  
Results 
 The performance of the participants was evaluated in terms of overall mean percentage score 
and mean percentage score in different conditions. Results were summarized in Table 4 
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Table 5. The Overall Mean Percentage Score and Mean Percentage Score in Different Conditions 
obtained by Participants across grades  
 
Grade 
Overall mean 
percentage 
score (%) (SD) 
Mean percentage score in different conditions (%) 
Corresponding radical’s positional consistency in left and 
right position 
HH HL LH LL 
1 64.17 (19.50) 57.33 62 66.67 70.67 
3 68.33 (16.95) 63.33 68 65.33 76.67 
5 81.5 (9.59) 85.33 83.33 82 75.33 
  
 The mean score of participants obtained in different conditions, varying radical’s positional 
consistency on left and right side of a pseudo-character, was entered for ANOVA. Significant 
effect of grade [F(2, 87) = 9.3799, p< .001] was found with performance of participants in 
pseudo-characters recognition task improved across grades as shown in table 3. The overall 
performance across grades was presented in figure 1. Fisher’s (LSD) procedure was used to 
identify the sources of significant effect. The significant effect of grades was contributed by the 
fifth graders of which the fifth graders perform better than the first graders significantly; and the 
fifth graders perform significantly better than the third graders. The performance between the first 
and third graders was not differed significantly. 
The effect of radical’s positional consistency was not significant as denoted in figure 2. 
However, the interaction effect between grades and radical’s positional consistency was significant 
[F(6, 261) = 2.8748, p< .01]. Fisher’s (LSD) procedure was used to identify the sources of 
significant effect. The interaction effect between grades and radical’s positional consistency was 
shown in figure 3. The significant interaction effect between grades and positional consistency was 
contributed by a number of factors which can be summarized as follows. 
For the first graders, significant effect was contributed by the LL and HH pseudo-characters. 
Participants were able to identify LL pseudo-characters significantly better than HH 
pseudo-characters. The other pairs were not differed significantly. 
Positional Consistency of Radicals   18 
Student number 2002362517 
40
50
60
70
80
90
1 3 5
grades
%
 sc
or
For the third graders, the pattern was similar to the first graders, significant effect was 
contributed by the LL and HH pseudo-characters of which participants identified LL 
pseudo-characters significantly better than HH pseudo-characters. One more source of significant 
effect was found between LL and LH pseudo-characters. Participants identified LL 
pseudo-characters significantly better than LH pseudo-characters. Though the first and third 
graders showed similar performance pattern, the fifth graders showed a totally different pattern as 
depicted in figure 2. Significant effect was found to be contributed again by the HH and LL 
pseudo-characters but participants identified HH pseudo-characters better than LL 
pseudo-characters significantly. This different pattern will be explained in the latter part of this 
article.  
For the developmental difference, significant effect was found in HH, HL and LH conditions 
except LL condition. Though the first graders and the third graders did not differ significantly in 
their performance on pseudo-characters recognition, the fifth graders did in a way that their 
performance improved significantly in HH, HL and LH conditions. In LL condition, the 
performance of the first, third and fifth graders did not differ significantly. For pseudo-characters 
in HH condition, the fifth graders perform better than the third and first graders significantly. 
 
 
 
 
 
 
 
 
 
 
Figure 1. Overall Performance of Participants in Pseudo-character Recognition Task across Grades 
 
Positional Consistency of Radicals   19 
Student number 2002362517 
64
66
68
70
72
74
76
HH HL LH LL
positional consistency
%
 sc
or
50
55
60
65
70
75
80
85
90
HH HL LH LL
positional consistency
%
 sc
or grade 1
grade 3
grade 5
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The 
Performance of Participants in Different Conditions 
 
 
 
 Figure 3. The Interaction Effect between Grades and Radical’s Positional Consistency 
 
Discussion 
 The results of the present study agrees with that of Taft and Zhu (1997), Taft, Peng and Zhu’s 
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(1999) and Ding, Peng and Taft’s (2004) studies that the sub-lexical processing of a character 
involved the decomposition of characters to radicals level, and the activation of radicals was 
positional specific. This claim was supported by the finding from the present study that 
participants’ performance of pseudo-characters in a recognition task was different among different 
conditions (HH; HL; LH; LL) when frequency of radicals, syllable frequency of radicals and 
stroke number were controlled though a different performance pattern was obtained between the 
first and third graders and the fifth graders. Detail would be explained in the later paragraphs of 
the articles. .  
 Statistical analysis revealed no significant effect from radical’s positional consistency. There 
were several reasons why a lack of significant effect was resulted. First, the trials were limited to 5 
for each condition in each grade and thus, the power to provide a clear pattern of how the 
difference in radical’s positional consistency affects recognition of pseudo-characters was limited. 
Second, the subject size was small owing to difficulty in participant recruitment. The small sample 
size may lack the power to represent the population on showing how radical’s positional 
consistency poses an effect on reading. Third, there may be a lack of control of stimuli., Since 
frequency of radicals, syllable frequency of radicals, as well as stroke number were controlled, this 
account was less likely to be the case. By varying the positional consistency of radicals, the pattern 
of sub-lexical processing, of any, should be shown. Fourth, there may be no difference on reading 
pseudo-characters in different conditions. In such a case, reading ability was not affected by 
varying positional consistency of radicals which meant positional features were not important in 
radicals’ level. This finding was then contradicted with Taft and colleagues’ findings (1997; 1999; 
& 2004). This possibility was eliminated when looking into the interaction effect between grades 
and radical’s positional consistency as mentioned in the following paragraphs. This could be 
accounted for by the inverted pattern shown in the first and third graders and the fifth graders as 
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shown in figure 3. The high score obtained by the fifth graders and the low score obtained by the 
first and third graders in the HH condition eventually flattened the curve as shown in figure 2. As a 
result, radical’s positional consistency effect should be analyzed more specifically by looking into 
the pattern.  
 Interaction effect between grades and radical’s positional consistency was found to be 
significant. For the first and third graders, pseudo-characters recognition performance was 
significantly better in LL conditions than in HH conditions. This result was contrary to the 
prediction that HH was expected to yield a better performance than LL pseudo-characters. This 
can be explained in terms of the ability to decompose radicals from a seen character. First, for the 
first graders, their lexical-processing system may not be well established that their ability to realize 
a radical as a free agent may be affected by their experience or in other words, their number of 
exposure to that radical in different conditions. It is possible that students were able to realize a 
radical in LL conditions as a free agent more easily than in HH conditions as their degree of 
bounding with other radicals were low. That is, radicals in LL conditions were not fixed in a 
particular position but appear in different positions freely in a character. For example, the 
pseudo-character in LL condition was composed by a left radical 求 and the right radical 
采 with corresponding positional consistency of 0.0816 and 0.2615 respectively according to 
Leung and Lee (2002). This means the radicals 求 and 采 are more likely to be recognize as a 
free agent. In contrast, the pseudo-character  was in HH condition composed of the left radical 
骨 and the right radical 鬲 with corresponding positional consistency of 0.8333 and 0.9716 
respectively (Leung & Lee, 2002). Therefore, the radicals 骨 and 鬲 are less likely to be 
recognized as a free agent. In fact, for the first graders, whom lexical processing system were not 
well established, radicals in HH condition may recognized as bounded in a character. The ability to 
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recognize a radical as a free agent is highly dependent on the ability of categorization. If students 
were unable to categorize the seen radicals in a character as a free agent, the stimulation to the 
radical level was less and thus relied solely on the memorization of whole word, in turn, the 
percentage errors were then greater. Likewise, if students were able to categorize the seen radicals 
in a character as a free agent as in pseudo-characters in LL condition, radicals were able to 
decompose successfully and activation from the radical levels would be more likely to reach 
threshold to facilitate memorization, thus, error rate was lower for characters in LL condition.  
Regarding the performance pattern of the fifth graders, the pattern were opposite to the first 
graders in such a way that they recognize pseudo-characters in HH condition significantly better 
than in LL condition. This should be explained in terms of the development of categorization skill. 
As students grow, their lexical processing system was being more matured that they were more 
able to categorize radicals as a free agent. When both radicals in HH condition and LL condition 
were able to be categorized as a free agent, the ease of sub-lexical processing can be compared. 
According to the model introduced previously in this article, the activation-based model proposed 
by Grainger and Jacobs (1996), stimulation at different level will facilitate processing so that 
threshold can be reached within a shorter period of time. However, stimulation at the same level 
may exert inhibitory effect to the processing of characters due to competition and thus, making the 
threshold more difficult to be reached. Regarding back to the case of the better performance in the 
recognition of radicals in HH condition than in LL condition, this model can be applied. Radicals 
with high positional consistency in both sides of a character were less likely to be affected by the 
occurrence in other position (which was at the same level in the processing system) as they were 
consistently at the same position relative to other radicals. For radicals in LL condition, the 
occurrence of the same radicals in different positions would be triggered which may then 
interfered the activation of the target position, thus, memorization was less reliable as a result of 
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the competition from radicals of other positions. Consequently, the error rate was highly relative to 
the characters in HH condition.  
Though categorization was suspected to be underdeveloped in the first graders but the skill 
was well established in the fifth graders, it was important to explore when did such a skill develop. 
The performance pattern of the third graders may provide hint to this question. The performance 
pattern of the third graders was generally similar to that of the first graders suggesting that the 
transition of the establishment of the skill to categorization should be likely to be between the third 
graders and the fifth graders, that is, the fourth graders. However, conclusion was not made owing 
to the lack of findings from the fourth graders. Apart from the general pattern, the drop of 
percentage accuracy in the LH condition may suggest a left to right scanning system in Chinese 
character recognition as mentioned earlier in this article based on the findings from Taft and Zhu 
(1997). Though the pattern was inverted when compared with the pattern Taft and Zhu (1997) 
found, it was probably due to the different nature of participants. In Taft and Zhu’s study, adults 
were recruited whom processing system and categorization skill were well developed while in the 
present study, primary students from different grades were recruited who processing system and 
categorization skill were still in the stage of development. Therefore, as explained previously in 
terms of the free-bound nature of the radicals encountered, it was not surprising why radicals in LL 
condition were recognized better than radicals in HH condition. In such a sense, the inverted 
pattern agree with Taft and Zhu’s finding in a way that the second radical (the right radical) seen 
played a more important role in the recognition process as evidenced by the drop of error rate 
when L condition was encountered on the right but a rise of error rate when H condition was 
encountered on the right. However, this error pattern was only observed in the third graders but not 
the others graders were not enough to conclude on the agreement to what Taft and Zhu (1997) 
suggested. A larger stimuli size and participant size are needed for further investigation and 
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interpretation.  
 Finally, the third account for the different performance pattern observed in the fifth graders 
comes to the possibility of the development of new reading skill for the fifth graders. The different 
performance pattern obtained by the fifth graders relative to the first and third graders may signal 
the use of analogy which is a skill responsible for the consistency effect. The effect of analogy was 
difficult to prevent though syllable frequency was set to be one of the controls in the present study. 
In fact, though coded wrongly, individuals may try to make analogy to certain radicals according 
to individuals’ experience and exposure. For example, the radicals 离 cannot be appeared as a 
simple character on its own so no pronunciation can be made to this radical. However, individuals 
may try to make analogy to add phonological coding to this radical according to individuals’ 
experience, say ‘lei4’. Although the effect of analogy was difficult to manipulate, it did provide 
possible evidence and support to the claim that a new skill was mastered by the fifth graders in 
reading Chinese characters.  
 In summary, it was clear that the result revealed sub-lexical processing by decomposition of 
radicals from seen characters. Moreover, a positional specific processing system in the radical 
level was found which was consistent with the Taft and Colleagues’ (1997; 1999; & 2004) findings. 
The ability to recognize radicals as a free agent was highly dependent on the ability to make 
categorization. The relatively free nature of radicals in LL condition recognized by the first and 
third graders facilitates the processing and memorization of the seen characters and thus yielded a 
high accuracy rate. On the other hand, the bound nature of radicals in HH condition recognized by 
the first and third graders urged them to rely solely on rote memory to remember the seen 
characters as a whole, activation threshold was then higher when compared to radicals in LL 
condition, this, a higher error rate was obtained. The ability to make categorization was not fully 
established until the fifth grade. The fifth graders were now able to recognize radicals as a free 
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agent and thus, radicals could be decompose successfully from a seen character. Activation could 
be directly achieved at the radical level. The activation threshold was affected by the radicals’ 
appearance in other position. Therefore, the less positional consistent it was, the higher the 
activation threshold but vice versa owing to the inhibition posed by the competition. This finding 
explained how children’s lexical processing system differs from the adults’ one and the process of 
the development. In addition, the possible skill that the fifth graders adopted to make analogy 
further supported the suggestion of the maturation of the processing system among the fifth 
graders. Apart from the developmental interpretation, the performance pattern of the third graders 
agreed with the Taft and Zhu’s (1997) proposal of the left-right scanning strategy in reading 
Chinese characters. The low accuracy in HH condition and the drop of accuracy in LH condition 
may provide evidence to the more important role played by the right radical such that the third 
graders, whom lexical processing system had not yet fully established, performed worse in these 
two conditions. However, this piece of information was only reflected in the third grade so more 
sophisticated studies focusing on this view should be conducted before confirmation.  
In order to gather more information about the underlying lexical processing system, the role 
played by positional information in processing Chinese characters as well as the developmental 
stages of lexical processing, it is essential to conduct more research regarding the current issue. To 
yield more relevant information, replication of the current study is recommended using a larger 
stimuli size as well as subject size so as to improve the validity of the data so that the result can be 
more representative. Besides, radical’s positional consistency was computed on token value in this 
study. In fact, it is uncertain if frequency value of radical occurrence in different position is 
important. Though positional consistency of radicals was set as high or low based on the token 
value, it may be the case that high token value but low type value that actually operating. Indeed, 
type and token value represent different operating system with one sensitive to the number of 
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positions a radicals can be placed (type) but another one sensitive to the numerical value of how a 
radical is placed in different position (token). In other words, the more often a radical is 
encountered in a specific position, the faster the radical unit is processed (token) but at the same 
time, the more position it appears in (type), the greater competition the radical will face and thus 
decreasing the processing time. Therefore, it is important to control the positional consistency 
based on both type and token value in order to avoid the possibility of high token value but low 
type value or vice versa. Replication of the current study considering both kinds of computation 
methods is recommended. 
On top of what had been explored, the reading strategy is suggested to be one of the 
investigating issues so as to serve as a comparison to the Taft and Zhu’s (1997) finding of left-right 
scanning. Yeh and Liu (2002) also pointed out the importance of the role played by the visual 
structure of the Chinese characters. The present study tended to support their finding as evidenced 
by the performance pattern of the third graders. However, the same pattern was not found in the 
first and fifth grade which is therefore require further investigation. One way to modify the study 
is by enlarging the size of the projected stimuli and eye-tracking the participants. If participants 
glanced from left to right, it would support the claim of left-right scanning strategy.  
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Appendix A – Pseudo-characters used across Grades 
Grade 1    
HH HL LH LL 
    
    
    
   
   
Grade 3    
   
   
   
   
  
Grade 5    
   
   
   
   
   
 
 
 
 
 
 
 
 
 
 
 
Positional Consistency of Radicals   31 
Student number 2002362517 
 
Appendix B – Instruction 
今日姐姐邀請你地黎係做一個認字既測驗. 你地而家先將雙手放係枱上面, 然後再望住熒
光幕. 好啦, 等陣你地會見到個圓形包住個十字既圖案, 然後你地就要即刻望住個熒光, 
因為好快會有一個中文字閃過, 你地要立即記住佢, 因為佢好快就會唔見左, 然後會有 9
個選擇比係地簡, 你地只要係 9 隻字里面搵番剛閃過的字, 再係答案簿既相對空格加√就
得啦. 記住呀, 唔好讀出聲呀. 你地見到既字, 有 d 好會似字, 有 d 唔似, 你地要睇清楚呀. 
好啦, 望住熒光幕, 開始. 
 
